In order to find correlations between skin gland morphology and specific ethological features, the cutaneous glands of the foot pads of Procavia capensis were studied by histological and various histochemical methods and by electron microscopy. In the foot pads, abundant specific eccrine skin glands occur, which consist of coiled tubular secretory portions and coiled ducts. The wall of the secretory part is composed of cuboidal glandular cells and myoepithelial cells. Among the glandular cells two types occur: clear and dark cells. Clear cells have numerous mitochondria and form a basal labyrinth, indicating fluid transport. Dark cells, which stain strongly with periodic acid-Schiff, contain a highly developed perinuclear Golgi apparatus, large amounts of rough endoplasmic reticulum and many secretory granules indicating production of glycoproteins. Cytokeratin (CK) 19 was found in secretory compartments and ducts, CK14 only in duct cells. Single cells of the secretory coils and ducts may be stained with antibodies against antimicrobial peptides. Some glandular cells contain proliferating cell nuclear antigen-positive nuclei especially in the ducts indicating an increased cell proliferation. Terminal transferase (TdT)-mediated d-UTP nick-end labeling-positive nuclei can be detected predominantly in the secretory coils and rarely in the transitional portions between ducts and end pieces. We suppose that proliferating cells migrate from the ducts to the secretory coils. The secretory product of the eccrine cutaneous glands seems to improve the traction between the foot pads of these animals and the steep and smooth rock formations among which they live.
Introduction
The aim of the present study was to investigate the morphology of the cutaneous glands of the foot pads of the rock hyrax (Procavia capensis, Hyracoidea, Mammalia) by various light-microscopic techniques and by transmission electron microscopy. The existence of these glands has been described so far only on the basis of museum specimens [Hahn, 1959] .
Rock hyraxes occur at rocky cliffs or rock outcrops with cavities sufficient to shelter a colony. They are mammals, well adapted to arid environments, being found even in the mountains of the Namib, Sahara, and Arabian desert [Estes, 1992] . Hyracoidea originated in Africa and on the basis of morphological features are related to manatees (Sirenia) and elephants (Proboscidea) [Hahn, 1959; Kleinschmidt et al., 1986; Skinner and Smithers, 1990; Mills and Hes, 1997] . This was confirmed recently by comparison of the mitochondrial DNA sequences among these animals [Ozawa et al., 1997] . Hyracoidea attracted again specific interest since van Dijk et al. [2001] included them in their superorder Afrotheria on the basis of nuclear DNA sequences. Comparative molecular studies are valuable since they can challenge morphology and shed new light on phylogenetic connections. With these new molecular data in mind we studied the foot glands of the rock hyrax.
The foot pads of Procavia have a muscle arrangement that retracts the middle of the sole; forming a hollow that is a suction cup of considerable clinging power [Nowak, 1991] . The thick skin is endowed with abundant glandular tissue, the exudation of these glands serves to keep the surface permanently moist and is claimed to increase traction [Mills and Hes, 1997] . These functional and structural properties apparently allow the rock hyrax to move safely on steep and often smooth rock faces with agility. The density of the plantar glands of rock hyraxes is more than 10-fold higher if compared to those of human feet [Hahn, 1959] . Furthermore, many aspects of the Procavia ethology seem to be correlated with its relatively poor thermoregulatory ability; the body temperature of Procavia fluctuates relative to ambient temperature [Kingdon, 1971] .
Different types of eccrine sweat glands are found in many mammals and have been described in detail [Schaffer, 1940; Terzakis, 1964; Johnson and Elizondo, 1974; Kurosumi et al., 1982; Tsukise et al., 1988; Marcucci and Castano, 1990; Meyer and Tsukise, 1995] . A careful study of the Procavia skin glands is lacking, and in order to correlate glandular morphology with the hyrax mode of life we investigated these skin glands.
Materials and Methods

Animals
Tissue samples of fore-and hind-feet of 2 adult female and 1 adult male P. capensis were collected for light and electron microscopy in the Northern Cape Province of the Republic of South Africa. The animals had been sacrificed for endocrinological research done by other scientists. The tissue samples were excised immediately after death and transferred either into phosphate-buffered 3.5% formalin for light microscopy or into phosphate-buffered 3.5% glutaraldehyde for electron microscopy and stored for 2 weeks. Principles of animal care and specific national laws were followed.
Light Microscopy
The material was fixed in phosphate-buffered formalin, embedded in Paraplast, sectioned, and stained with hematoxylin-eosin and Masson's trichrome stain for general orientation. In addition, the following histochemical reactions were applied: the periodic acid-Schiff (PAS) reaction and Alcian blue pH 1.0 and pH 2.5 [Romeis, 1989] .
The following lectins were applied for binding tests: wheat germ agglutinin (WGA), Helix pomatia agglutinin (HPA), Ulex europaeus I agglutinin (UEA I), peanut agglutinin, Canavalia ensiformis agglutinin, Ricinus communis agglutinin (RCA I), soybean agglutinin, Lens culinaris agglutinin and Wisteria floribunda agglutinin (WFA).
These lectins have the following sugar specifities: WGA for Nacetyl-glucosamine, soybean agglutinin, HPA and WFA for N-acetylgalactosamine, UEA I and L. culinaris agglutinin for fucose, peanut agglutinin for galactose, C. ensiformis agglutinin for mannose and glucose and RCA I for galactose and N-acetyl-galactosamine.
Sections were incubated with biotinylated lectins followed by peroxidase-conjugated streptavidin and then 3,3-diaminobenzidine (DAB) as chromogen. The lectins were used according to the methods given by Goldstein and Poretz [1986] . They were obtained from Medac (Hamburg, Germany) and Sigma (Deisenhofen, Germany).
To demonstrate the presence of three subtypes of cytokeratins (CK), immunohistochemistry was performed by using the following working dilutions of monoclonal antibodies to the relevant human proteins: anti-CK7 (DAKO, Germany) 1:100, anti-CK14 (Serotec, UK) 1:10 and anti-CK19 (Boehringer Mannheim, Germany) 1:20. Sections were preincubated with 0.2% trypsin at 37°C for 15 min, except for anti-CK14, which required antigen retrieval by microwave heating in citrate buffer. Immunoreactivity of the primary antibodies was visualized by using biotinylated goat anti-mouse IgG (Sigma) dilution 1:200 to 1:400, followed by peroxidase-conjugated streptavidin (DAKO) and DAB as the chromogen. The specificity of the primary antibodies was demonstrated in human tissues, such as skin, colon, and bronchi, in which they showed the typical CK pattern [Moll et al., 1982; Purkis et al., 1990] .
For the detection of human ß-defensins 1 and 2 monoclonal antibodies from Dr. R. Bals, Munich, were used at a working dilution of 1:100. Sections were preincubated with 0.2% trypsin at 37°C for 10 min or pretreated with microwave irradiation for 20 min. The primary antibody was detected by using biotinylated goat anti-mouse IgG (Sigma) 1:200, followed by peroxidase-conjugated streptavidin (DAKO) 1:400 and DAB as the chromogen. The specificity of the primary antibodies was demonstrated in human tissues, such as liver and lung.
Polyclonal antibodies against adrenomedullin were obtained from Dr. A. Martinez (National Cancer Institute, Bethesda, Md., USA) and used at a working dilution of 1:1,000. Sections were pre-treated with microwave irradiation in citrate buffer at pH 6 for 20 min. For visualization a biotinylated swine anti-rabbit IgG antibody (DAKO) dilution 1:400 followed with DAB as the chromogen were applied.
Monoclonal antibodies against lysozyme (DAKO) 1:500 followed by biotinylated swine anti-rabbit IgG and then 3-amino-9-ethylcarbazole as the chromogen were used to detect muramidase, and monoclonal antibodies to the proliferating cell nuclear antigen (PCNA, cyclin; DAKO) at a working dilution of 1:200 were employed for immunohistochemical detection of proliferating cells. The sections were subjected to two pretreatments with microwave irradiation in citrate buffer at pH 6.0 for 10 min. The primary antibody was detected by using biotinylated goat anti-mouse IgG (1:1,000, Sigma). For visualization by light microscopy, a peroxidase-conjugated antibody (Boehringer Mannheim) followed by DAB was used. Positive controls were performed by using human and Procavia small intestine. Negative controls were treated equally by replacing the primary antibody by irrelevant mouse antibodies or non-immune mouse serum.
For in situ detection of cell death the terminal transferase (TdT)-mediated d-UTP nick-end-labeling (TUNEL) procedure was performed on dewaxed paraffin sections according to Gavrieli et al. [1992] with the modifications described by Welsch et al. [1998b] .
All light-microscopic preparations were photographed with an Olympus photomicroscope (BH-2) and planapochromate objectives on Agfa Pan 25 black and white film.
Electron Microscopy
Tissue samples 1-2 mm in size were transferred for 3 h into cooled 3.5% phosphate-buffered glutaraldehyde and thereafter stored in 1% phosphate-buffered glutaraldehyde until further processing. Prior to embedding in Araldite, the samples were post-fixed in 2% buffered osmium tetroxide for 2 h. Semithin sections were stained with methylene blue-azur II for general orientation; thin sections were stained with uranyl acetate (saturated solution in 70% methanol) and lead citrate and viewed in a Philips CM 10 electron microscope operating at 80 kV.
Results
General Morphology of the Skin and Skin Glands
All integumental areas of the foot pads studied have a similar histological structure and consist of epidermis, dermis and hypodermis. The uppermost layer of the epidermis consisted of a 450-to 1,100-Ìm-thick superficial horny layer (stratum corneum). The following stratum granulosum is composed of 2-3, and the stratum spinosum of 8-12 layers of squamous cells ( fig. 1a ). In the stratum basale we found abundant melanocytes containing large melanosomes. Long and branched dermal papillae at the dermoepidermal junction can be correlated to the considerable mechanical stress exerted on the skin. These papillae consist of loose connective tissue containing abundant blood capillaries. Underneath the narrow stratum papillare followed a thick layer of dense connective tissue representing the dermal reticular layer consisting of coarse collagen fibers, interwoven with elastic fibers. In this area of the skin the excretory ducts of the glands were usually strongly coiled. The ducts were lined by a two-layered epithelium and enveloped by a thick basement membrane. The glandular portions of the skin glands were located in the hypodermis and were composed of glandular cells, resembling those of eccrine glands ( fig. 1b, c) . The glandular epithelial cells were of similar height, reaching about 25 Ìm in longitudinal diameter. The secretory cells contained slender or oval nuclei with a mean diameter of 7 Ìm. In semithin sections, these nuclei showed two or three nucleoli. Two types of glandular cells could be discerned. The adjacent fusiform myoepithelial cells lying on the basement membrane showed extensive branching. The width of the glandular lumen ranged from 12 to 45 Ìm among different glands. The density of the glandular tubules was up to 300/cm 2 . Secretory segments were strongly coiled and were surrounded by adipose and connective tissue which contained nerves, blood capillaries, lymphatic capillaries, some mast cells, plasma cells, macrophages and eosinophils. Small groups of glands, embedded in adipose tissue, were delimited by connective tissue septa ( fig. 1c ) containing predominantly collagen and single elastic fibers. Relatively frequently Pacinian corpuscles ( fig. 1d ), sometimes in groups, occurred in the hypodermis. Nerve fibers with functional endings at the glands could be detected with transmission electron microscopy. Blood capillaries of varying size and with a continuous endothelium were common at the base of the glandular epithelium. The distance between the base of the glandular cells and the blood capillaries measured in general 2-3 Ìm. The tissue samples showed no sex differences. Apocrine and sebaceous glands were not found.
PAS Reaction and Alcian Blue (pH 2.5 and 1)
In all tissues investigated, the PAS reaction of glandular cells revealed the presence of two cell types: clear and dark cells. Clear cells were very weakly stained by PAS, especially along their apical membrane. Dark cells were marked by a strong staining of the whole cytoplasm; in the perinuclear zones prominent granules can occur, which were PAS positive ( fig. 2a, b) . PAS-positive material inside the glandular lumen could not be detected. Myoepithelial cells were weakly stained, and the basement membranes of the glandular tubules were strongly PAS positive. The connective tissue matrix showed a weak positive PAS reaction.
Alcian blue stained the secretory compartments of the glands stronger than the ducts. The basement membranes of glandular tubules were strongly stained with Alcian blue pH 2.5, while at pH 1 Alcian blue gave negative results in all investigated glands. The apical membranes of secretory cells were moderately stained with Alcian blue pH 2.5 ( fig. 2c ). The lumen of the tubules sometimes contained positively stained secretory material. The connective tissue was weakly stained with Alcian blue pH 1 and with medium intensity at pH 2.5. Single cells, interpreted to be mast cells, were intensely stained.
Lectins
We observed a moderate staining of the apical cell membrane of secretory cells with HPA. In some secretory cells the entire cytoplasm showed a faint binding of HPA. The apical cell borders of the duct cells had only few binding sites for this lectin.
WFA, RCA I and WGA stained the apical cell membranes of secretory coils and ducts ( fig. 2d-f ). In single secretory cells the entire cytoplasm was moderately stained with WFA ( fig. 2d) . The glands showed a faint cytoplasmic binding of L. culinaris agglutinin and soybean agglutinin. The glandular cells did not react with UEA I, peanut agglutinin and C. ensiformis agglutinin.
Cytokeratins
Immunohistochemical staining of the Procavia skin glands for CKs was markedly positive only in the case of CK19. The compartments of the glands reacted with different intensities. Single cells of secretory coils showed intense reactions of the whole cytoplasm ( fig. 3a) to both clear and dark cells. The cells of the secretory ducts were moderately stained. The cytoplasm of the duct cells was stained predominantly in the perinuclear zone and in the apical compartment. In the adjacent basal epidermis we found cells in clusters expressing CK19 indicating the presence of Merkel cells [Wollina, 1990a] . A weak staining with antibodies against CK14 was observed in luminal and peripheral cells of the ducts with some differences among the tissue samples. Clear and dark cells of secretory coils were always negative. Myoepithelial cells did not show any immunoreactivity in contrast to myoepithelial cells of eccrine glands of other species. Antibodies against CK7 did not react with Procavia tissue samples.
Adrenomedullin-, Lysozyme-and Human ß-Defensin
Immunoreactivity A weak to medium intense reaction of all glandular cells could be detected with antibodies against adrenomedullin ( fig. 3b) . Staining was also positive in the cells of the ducts. Anti-adrenomedullin immunoreactivity was sometimes stronger in the cellular apex than in the basal parts of the cells.
Anti-lysozyme staining was localized at the apical membranes of secretory cells and the material inside the glandular lumen showed sometimes a weak positive reaction. A faint staining of the whole cytoplasm of some secretory cells was observed. The cells of the ducts remained unstained with antibodies against lysozyme.
In the glands of Procavia the expression of human ß-defensin 1 and 2 was variable and generally weak. One glandular cell with stronger reactivity could alternate with cells showing weak degrees of human ß-defensin expression.
Proliferation and Apoptosis
For the detection of the S-phase of proliferating cells, tissue sections were stained with PCNA. All investigated areas of the skin showed a higher density of positive nuclei in the ducts and in the transitional zone between ducts and secretory portions if compared with the secretory coils. Positive nuclei of two neighboring cells ( fig. 4a ) could be detected in up to 5% of all positive cells. Only the peripheral cells of the ducts showed a positive nuclear staining in accordance with the differentiation process. The nuclei of adjacent myoepithelial cells were always negative. High proliferating activities of whole glands were not observed.
To identify programmed cell death, we localized apoptotic nuclei by the TUNEL reaction. Positive nuclei, sometimes grouped together, were found predominantly in secretory coils ( fig. 4b ). They were scored in up to four microscopic fields of each tissue sample at a magnification of 40 times. These positive cells showing chromatin condensation were scattered randomly over large areas of the skin. Nuclei of myoepithelial cells were always negative. In the adjacent epidermis we observed TUNEL-positive nuclei only in the uppermost layer of the stratified epithelium.
Ultrastructure
The ultrastructural analysis confirmed the presence of three types of cells in the secretory coils: (1) dark cells, (2) clear cells and (3) spindle-shaped myoepithelial cells directly adjacent to the basement membrane ( fig. 5a ).
Clear cells always showed highly developed lateral interdigitations as well as similar narrow infoldings of their basal membranes near blood capillaries ( fig. 6a, b) . These cells contained a large amount of mitochondria of the crista type with a maximal length of 2.5 Ìm. The highest densities of mitochondria were found in the basal cytoplasm. Also in the basal cytoplasm of these cells we detected small homogeneous electron-dense granules grouped together with a mean diameter of 45 nm. The perinuclear compartment and the periphery of clear cells contained cytoskeletal components in the form of small bundles of intermediate filaments (10-12 nm) and thin filaments (7 nm), the latter being associated with apical membranes and microvilli. Microtubules were rarely detected, they were located mainly in the neighborhood of centrioles radiating into the cellular periphery. Lysosomal bodies showed high variations in size, structure and density and were predominantly associated with the supranuclear cytoplasm and with the Golgi apparatus.
Dark cells contained a prominent Golgi apparatus and numerous fields of the rough endoplasmic reticulum of various sizes throughout the cytoplasm with the highest densities in the basal and the lateral compartments. The microvilli of the dark cells were approximately 30% longer than those of the clear cells. The microvilli of the two cell types showed a surface coat. The dark cells had less mitochondria, but significantly more polysomes in their cytoplasm than the clear cells. They contained variable numbers of secretory vesicles with diameters up to 80 nm (rarely up to 110 nm) and heterogeneous lysosomal bodies. Typical glycogen particles (predominantly ß particles) were found in both cell types. Clear and dark cells were apically interconnected by tight junctions ( fig. 6c) , inter- Furthermore, in the secretory coils and more often in the transitional portions, cells with a large pale nucleus and a clear and homogeneous cytoplasm poor in organelles were noted, which may represent stem cells. The myoepithelial cells at the basement membrane were marked by densely packed myofilaments and extensive branchings. These cells were interconnected with the glandular epithelial cells by prominent desmosomes and among themselves by desmosomes and gap junctions, indicating electrical coupling. Near the myoepithelial and secretory cells, unmyelinated thin nerve fibers were often seen, either grouped in bundles or single, with a diameter of 0.5-1 Ìm (fig. 5d) .
The transitional portions between ducts and secretory portions ( fig. 5b ) contained more undifferentiated cells with a paler and more homogenous cytoplasm than in the secretory coils, a fact which is consistent with the PCNA reactivity described above. The ducts possess typical luminal and peripheral cells, both being relatively rich in mitochondria and intermediate filaments ( fig. 5c ). The connective tissue contained predominantly collagen fibers, but elastic fibers were also found. Directly adjacent to the basement membrane of the secretory coils, fibrocytes with a typical flattened shape were detected ( fig. 5b) . 
Discussion
The present study has shown that the integument of the soles of fore-and hind-feet of the rock hyrax contains specific glands which occur in a unique density and which are embedded in connective tissue with abundant univacuolar adipose cells. These glands can be ascribed to only one type which we interpret to be eccrine.
The interpretation as eccrine cutaneous glands is based on the following observations: (1) the tubular glands consist of coiled end pieces with myoepithelial cells and coiled ducts, (2) the glandular cells do not form domeshaped apical protrusions and do not display striking differences in height and (3) two types of glandular cells (clear and dark cells) were found in the tubular end pieces.
Thus, these glands closely resemble even the tubular eccrine glands of catarrhine primates including man. Since Schaffer [1940] and Starck [1982] have described the glands in the foot soles of rats and dogs to be apocrine glands, we want to stress the differences between eccrine and apocrine skin glands and thus underline our interpretation as eccrine glands in Procavia. Apocrine glands serve a pheromonal-olfactory function and are morphologically marked by the presence of only one glandular cell type. This cell type undergoes typical changes in height and pinches off apical cytoplasm as a peculiar and still poorly understood mode of secretion [Hashimoto et al., 1986; Aumüller et al., 1999] .
The best known general function of cutaneous eccrine glands is their role in thermoregulation. Primate eccrine glands of palms and soles may have additional functions but they are no scent glands, which is underlined by the observation that prosimians urinate on their palms and thus mark branches of trees [Estes, 1992] .
Comparing primate eccrine glands with those of Procavia two constant morphological differences are striking: the glandular lumen is wider in the hyrax glands (16.5 Ìm) than in the glandular epithelium of primates (5.5 Ìm in Macaca mulatta, own observations) and the height of the glandular epithelium is always lower in Procavia than in primates. This may indicate a somewhat lower intensity of secretory activity of the individual glands at a given moment and a greater storage capacity of the secretory fluid, which in case of demand can be expelled in comparatively large quantities.
As in primates, the glands of the hyrax fore-and hindfeet contain two glandular cell types, which have been named here clear and dark cells. The morphology of the clear cells is that of fluid transporting cells (abundant mitochondria and well-developed basolateral membrane infoldings and numerous microvilli). These clear cells are very similar to those of primate clear cells in eccrine skin glands [Hashimoto et al., 1986] . The dark cells are secretory cells producing a glycoprotein, as indicated by the strong PAS positivity. At the electron-microscopic level a well-developed rough endoplasmatic reticulum and Golgi apparatus and secretory granules support this interpretation. Again, the dark cells of Procavia share these characters with the primate dark cells, in which the secretion of neutral mucoid substances has been described [Hashimoto et al., 1986] . Although exact data are lacking, it appears as though the dark cells are more frequent in Procavia eccrine glands than in those of primates.
The PAS reaction demonstrated (1) the presence of relatively large numbers of dark cells in the Procavia eccrine glands, and (2) that the secretory product is a neutral glycoprotein (glycogen is only a minor component in the dark cells).
The lectin binding studies of the Procavia foot pads, which were done with the concept of analyzing the glandular epithelium more specifically, revealed binding sites at the apical membrane of glandular cells for HPA, WFA, RCA I and WGA suggesting the presence of N-acetylgalactosamine, N-acetyl-glucosamine and galactose. With the exception of single cells in WFA preparations we found no general cytoplasmic staining of the glandular cells. This is surprising in view of the strong PAS positivity of the entire cytoplasm of the Procavia dark glandular cells, which is assumed to reflect the presence of a secretory product. A future study using a more extensive panel of lectins may give a more specific characterization of the secretory product. It is of interest to note that RCA I and WGA also react with the apical membrane of the glandular cells of human sweat glands [Ookusa et al., 1983; Wollina et al., 1989] , which would suggest a similarity in the composition of the glycocalyx of eccrine glands between Hyracoidea and primates. Skin glands of wolves [Meyer and Tsukise, 1995] , pigs [Tsukise et al., 1983] , goats [Tsukise et al., 1988] and cats [Meyer and Bartels, 1989] showed different lectin binding patterns, e.g. in the pig strong cytoplasmic staining by UEA I and WGA was observed. Such differences -if based on statistically sufficient numbers -indicate molecular evolutionary adaptations, the significance of which is still unclear. Furthermore, the possibility of blood group differences within one species needs to be considered.
The results of anti-adrenomedullin-, anti-lysozymeand anti-defensin immunoreactivity need to be interpreted with caution and can be regarded at present only as tentative results since the phylogenetic difference between humans and Hyracoidea is considerable and since nonspecific cross-reactions cannot be ruled out. The glands of the foot pads of Procavia seem to express adrenomedullin, a peptide with several different functions [Jahnke et al., 1997] . Adrenomedullin as a vasoactive hormone has potent hypotensive effects by inducing vasodilation [Nuki et al., 1993] , inhibits the salt appetite and water drinking in the rat [Murphy and Samson, 1995] and may determine the fluid and electrolyte balance of Procavia because the glands of the foot pads may secrete considerable amounts of fluid. So adrenomedullin could play a role in the control of systemic and especially local circulation and also of fluid secretion in Procavia. An anti-microbial function of adrenomedullin is however more probable, which has been described by Walsh et al. [1996] .
The antimicrobial activity of Procavia skin glands can also be associated with possible lysozyme (muramidase) and human ß-defensin activity. The apical portions of secretory cells reacted with antibodies against lysozyme and sometimes we found intraluminal secretory products which were stained with antibodies against lysozyme. In humans, eccrine glands do not express lysozyme, but apocrine glands may have a bactericidal role [Ezoe and Katsumata, 1990] .
The glandular epithelium, mainly the dark cells of Procavia, probably also expresses human ß-defensin 1 and 2 with a broad antibacterial activity against many organisms which is synergistic with lysozyme [Bals et al., 1998 ]. The exudation of the glands of the foot pads serves to keep the skin permanently moist, which may cause a higher susceptibility to infections requiring an effective local defense system.
Antibodies against CK19 showed a strong reaction predominantly in the perinuclear zone of the cells of the secretory portion of the eccrine glands of Procavia, as is the case in the eccrine sweat glands of humans (own observations). Also, the cells of the ducts were stained in the apical compartments by using this antibody. In contrast, positive staining using antibodies against CK14 was only found in the duct cells. Basal cell expression of CK14 as in mixed epithelia [Purkis et al., 1990] or typical differences in the staining patterns of inner and outer cells of the ducts [Wollina et al., 1990b] were not found. The myoepithelial cells, usually expressing CK14 [Wollina et al., 1990b; Moll et al., 1982] did not show any reaction with CK14 in Procavia. Data concerning the cytokeratin expression in eccrine glands of the foot pads of pigs, wolves, dogs, cats and rats are not available. The immunoreactivity of CK7, CK14 and CK19 in the apocrine cutaneous glands of impalas [Welsch et al., 1998a] differs considerably from that in the Procavia glands. An interesting finding of the glands of Procavia was the occurrence of cells in the secretory compartment with a strong homogenous staining of the whole cytoplasm, an observation which has been described under pathologic conditions [Ichikawa et al., 1997] .
The PCNA and TUNEL reaction allow insights into the cell turnover of the glands. Anti-PCNA labelled a few secretory cells and outer cells of the duct, myoepithelial cells were not stained as in other eccrine glands [Morimoto and Saga, 1995] . In contrast to human eccrine glands, we could not find any highly proliferative germinative cells in the transitional portions or the coiled ducts [Hagiwara and Shibasaki, 1994] , but the density of positively stained nuclei was higher in these parts if compared to the secretory compartments.
Apoptotic nuclei as localized by the TUNEL reaction showed positive cells predominantly in the secretory segments of the glands. Compared to other tissues like the apical parts of villi in the small intestine or the uppermost layers of human epidermal tissues we observed an extremely low density of TUNEL-positive nuclei. Since we do not know anything about rhythmic periodicities in respect of cell replacement in the cutaneous glands of Procavia, the material studied is insufficient for definitive statements on frequency of apoptosis. We conclude that lost secretory cells are replaced by proliferating cells of the transitional portions and the coiled ducts.
Electron microscopy and carbohydrate histochemistry confirmed that the skin of the foot pads of Procavia contains glands of the eccrine type with clear and dark cells in the secretory coil having an unusual wide lumen. The high density of these glands in the foot pads may be an adaptation to the special environment of Procavia to ensure secure climbing up the steep rocks. In all investigated tissue samples the glands were embedded in adipose tissue beneath a thick reticular layer, an adaptation to the mechanical stress to which the foot pads are exposed. Immunolocalization of proliferating and apoptotic cells showed that the glands of Procavia are a slowly renewing tissue. We conclude that the main function of these glands is to improve the traction properties by secreting large amounts of fluid.
